Selective aortic perfusion and oxygenation: An effective adjunct to external chest compression-based cardiopulmonary resuscitation  by Paradis, Norman A. et al.
JACC Vol . 23, No . 2
February 1994 :497-504
Selective Aortic Perfusion ani'
External Chest
NORMAN A. PARADIS, MD,
New York- , New York and Boston, Massachusetts
Objectives. The purpose of this study was to compare the
perfusion pressure and rate of return of spontaneous circulation
produced by standard advanced cardiac life support with that
resulting from advanced cardiac life support with simultaneous
aortic occlusion and proximal infusion with oxygenated fluid .
Background. Cardiopulmonary resuscitation based solely on
external chest compression is unable tie achieve return of sponta-
neous circulation in most patients with cardiac arrest. Adjunctive
therapies that enhance myocardial oxygen supply may improve
outcomes .
Methods . We conducted a prospective, randomized study in
mongrel dogs using a fibrillatory model of cardiac arrest with a
20-min arrest time . Dogs were randomized to two groups . Aortic
arch and right atria) micromanometers were placed to measure
intravascu!ar pressure. Manual external chest compression was
used and standardized to an esophageal pulse pressure of
50 mm Hg. Two minutes after initiation of advanced cardiac life
support, selective aortic perfusion and oxygenation were initiated
in dogs assigned to one group by inflation of an occluding balloon
in the descending aorta and infusion of 450 peal of ultropurified
Cardiopulmonary resuscitation has not fulfilled the expecta-
tions of its early proponents, and the prognosis for patients
in cardiac arrest >10 min remains poor (1,2) . Studies in
animal models have shown that vital organ blood flow and,
thus, oxygen delivery, during cardiopulmonary resuscitation
is usually inadequate to achieve return of spontaneous
circulation (3,4) . Coronary perfusion pressure (5,6), a prin-
cipal predictor of return of spontaneous circulation, is usu-
ally inadequate in refractory cardiac arrest (7-10) . Outcome
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ymerized bovine hemoglobin through a large bore central
infusion part .
Results . Maximal aortic pressure during standard advanced
cardiac life support was 42 ± 23 (mean ± SD) versus 69 ±
28 mm Hg during advanced cardiac life support with selective
aortic perfusion and oxygenation. Maximal coronary perfusion
ressure during standard therapy was 33 ± 21 versus 62 ±
26 mm Hg during combined therapy . Only 2 of 10 dogs receiving
standard therapy had return of spontaneous circulation versus 6
of 7 dogs receiving combined therapy . Balloon occlusion alone did
not increase perfusion pressum significantly .
Conclusions. The use of selective aortic perfusion and oxygen-
ation increases aortic and coronary perfusion pressures during
cardiopulmonary resuscitation, resulting in a large increase in the
rate of return of spontaneous circulation . This technique may be
an effective adjunct to advanced cardiac life support based on any
method of external chest compression and may improve the poor
prognosis of patients with cardiac arrest .
(J Am Coll Cardiol 1994,23 .497-504)
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studies also indicate the limited efficacy of standard ad-
vanced cardiac life support (1,11) .
The realization that standard therapy is rarely effective
after the first minutes of cardiac arrest is now the central
clinical problem in emergency cardiac care (12) . This has led
researchers to study various adaptations of external chest
compression (13,14) as well as more invasive resuscitative
therapies (15-17). However, techniques based solely on
external chest compression may be limited in their ability to
generate adequate perfusion pressures (18) . Alternative
techniques, such as open chest cardiopulmonary resuscita-
tion and cardiopulmonary bypass, greatly increase perfusion
pressure (15,17) but require resources or expertise not
generally available . Additionally, any therapy requiring
transport of the patient to the hospital before adequate
cerebral perfusion is restored will ultimately have only
limited applicability because nearly all patients will have
suffered irreversible central nervous system injury during
transport (19) .
Several groups have investigated volume therapies in an
effort to find a simple but effective method to improve
perfusion during cardiopulmonary resuscitation. Among
these were arterial and venous crystalloid infusions (20,21)
0735-1097/94/$7 .00
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and aortic occlusion with and without volume infusion 22 .
The latter technique confines the infused volume to the
proximal aorta with the intention of increasing perfusion
pressure in the coronary and carotid artery systems . These
therapies, either alone or in combination, failed to improve
significantly either perfusion pressure or outcome 21-24 .
Volume infusion alone may be ineffective because crys-
talloid solutions decrease the oxygen-carrying capacity of
blood in direct proportion to the volume infused . Therefore,
we studied the efficacy of advanced cardiac life support
combined with selective aortic perfusion and oxygenation
using balloon occlusion and oxygenated ultrapurified poly-
merized bovine hemoglobin Biopure 25 infusion in a
canine model of cardiac arrest .
methods
The study protocol was approved by our Institutional
Animal Care and Use Committee and was in full compliance
with United States Public Health Service Policy on Humane
Care and Use of Laboratory Animals . The end point variable
was prospectively identified as the proportion of animals in
each group with return of spontaneous circulation .
Ultrapurified polymerized bovine hemoglobin was pre-
pared from treated bovine red blood cells by lysis, filtration,
proprietary chromatography and polymerization with glutar-
aldehyde 25
. The sterile, pyrogen-free hemoglobin solution
at a concentration of I I g/dl has a P50 partial pressure of
oxygen at which the solution is 50% saturated with oxygen
of 21 min Hg, methemoglobin levels < 10%, a mean colloid
oncotic pressure of 20 mm Hg and a molecular weight
distribution ranging from 65 to 500 kd. Validated techniques
detected <3 nmol/liter of phospholipid in the purified hemo-
globin. Analysis of possible contaminants using immuno-
chemical techniques such as immunoblotting and electro-
phoresis with antibodies specific for various bovine serum
proteins revealed no detectable impurities .
Experiments were performed in colony-bred mongrel
dogs weighing 20 to 25 kg that had tested negative for heart
worm. Dogs were assigned to receive either standard ad-
vanced cardiac life support standard therapy group or
advanced cardiac life support plus selective aortic perfusion
and oxygenation combined therapy group by block ran-
domization . Each dog underwent induction of anesthesia
with an ultra-short-acting barbiturate Biotal, 20 mg/kg body
weight . This was followed by a loading dose of alpha-
chloralose 60 mg/kg and additional maintenance doses
20 mg/kg as needed.
Dogs were placed on a V bracket in a dorsal recumbent
position, and their limbs were secured to prevent lateral
displacement during cardiopulmonary resuscitation . They
were incubated and ventilated with positive pressure . The
fractions of inspired oxygen and minute ventilation were
adjusted, and bicarbonate was administered, as needed to
achieve a normal arterial blood gas . A standard lead Il
electrocardiogram ECG was used for monitoring through-
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out the experiment . Micromanometer-tipped catheters
Millar were placed in the aortic arch and right atrium
through femoral artery and external jugular vein cutdowns,
respectively . Dogs randomized to receive combined therapy
had a 15F introducer catheter Cook placed in the contralat-
eral femoral artery by a combination of surgical cutdown and
open guide wire techniques . A custom-designed esophageal
balloon micromanometric catheter was placed in the esoph-
agus at the level of the left atrium and inflated with water to
a pressure of 25 mm Hg . This was used to standardize the
force of chest compression, preventing interanimal and
intergroup differences . Catheter positions were confirmed by
fluoroscopy, appropriateness of pressure waveforms and
postmortem study .
The pressure catheters, along with the ECG, were con-
nected to a multichannel amplifier/recorder Grass Instru-
ments , and pressures and the ECG were recorded throughout
the experiment . Amplifier output was digitized Dash-16 ,
displayed and stored by microcomputer. The esophageal
pulse pressure was displayed in the visual field of the person
performing chest compressions . The depth of compression
was adjusted to achieve an intrathoracic pulse pressure of
50 mm Hg 10 .
A no. 4 bipolar pacing wire was placed in the right
ventricle through the jugular vein for induction of ventricular
fibrillation . Pancuronium bromide 3 mg was administered
just before induction of cardiac arrest to prevent ventilatory
movement 26 . Ventricular fibrillation was induced by pass-
ing a 60-Hz alternating current at 25 mA through the right
ventricular pacing wire . When fibrillation was confirmed by
the ECG and loss of arterial pressure, ventilation was
stopped .
In dogs receiving combined therapy, a specially designed
balloon occlusion catheter was inserted through the femoral
artery introducer, and ti :e balloon was positioned in the
proximal descending aorta Fig. 1 . This catheter has a large
central infusion port that was connected to 450 ml of
preoxygenated ultrapurified polymerized bovine hemoglobin
pressurized to 250 mm Hg. Placement of this catheter was
performed during cardiac arrest to minimize blood loss . Its
position was also confirmed fluoroscopically and at postmor-
tem study .
Dogs remained in cardiac arrest without basic life support
for 20 min, after which standard advanced cardiac life
support was initiated ; 1 . This consisted of chest compres-
sion at the rate of 80, tnin, a compression/relaxation ratio of
0.5, ventilation with I Kwlo oxygen at a rate of 16/min and
epinephrine 0.02 mg/kg every 3 min . The first epinephrin .-
dose was administered by forelimb peripheral intravenous
injection 30 s after failure of initial defibrillation. Animals in
ventricular fibrillation underwent defibrillation with 80 and
160 J every 60 s for the I st 3 min, then 160 and 320 J for the
remainder of resuscitation . An arterial blood gas sample was
obtained 2 min after initiation of therapy .
In dogs randomized to receive standard advanced cardiac
life support in combination with selective aortic perfusion
JACC Vol. 23, No . 2
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Qum I. System used for selective aortic perfusion and
oxygenation shown with the occlusion balloon located in
the descending aorta .
and oxygenation, the aortic balloon was inflated and the
ultrapurified polymerized bovine hemoglobin infusion was
begun 2 min after initiation of advanced cardiac life support .
Four hundred fifty milliliters of ultrapurified polymerized
bovine hemoglobin was infused over 2 min or until return of
spontaneous circulation . The balloon was deflated at the end
of the infusion .
Return of spontaneous circulation was defined as the
presence of an organized rhythm on the ECG and a mean
aortic pressure >60 mm Hg . Advanced cardiac life support
was administered for 9 min . Dogs in cardiac arrest at that
time were considei -ed to have had unsuccessful therapy
because pilot studies had demonstrated that animals remain-
ing in arrest after three cycles of standard advanced cardiac
life support are not successfully resuscitated by additional
standard therapy .
Resuscitated dogs were stabilized after cardiac arrest by
ventilatory support and administration of bicarbonate and
crystalloid as judged necessary on the basis of arterial blood
gases, hemodynamic variables and central venous pressures,
respectively. Mean arterial blood pressure was maintained
>90 mm Hg by epinephrine infusion . Dogs remaining alive
60 min after resuscitation were killed by injection of potas-
sium chloride . All dogs underwent postmortem examination
PARADtS ET AL .
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Ultrapurified
Polymerized Boons
Hemoglobin
to confirm catheter location and to examine internal organs
for gross injury .
Dogs were prospectively excluded for any of the follow-
ing reasons : inability to place any catheter, catheter malpo-
sition resulting in possible aortic valve incompetence or
arterial blood gas values outside predetermined ranges par-
tial pressure of oxygen, arterial >90, partial pressure of
carbon dioxide, arterial 20 to 45 mm Hg, pH 7 .10 to 7 .50
before ultrapurified polymerized bovine hemoglobin infu-
sion. The efficacy of selective aortic perfusion and oxygen-
ation may depend on closure of the aortic valve during
infusion. Thus, untoward mechanical events resulting in
aortic regurgitation were prospectively defined as exclusion-
ary criteria, as were blood gas abnormalities that may have
impaired resuscitation .
In a different group of dogs, we investigated the affect of
aortic occlusion alone on central aortic and coronary perfu-
sion pressures. This study was a prospective, interventional,
before and after trial using a similar canine model of fibril-
latory cardiac arrest but with a shorter downtime of 10 to
15 min. Two minutes after the initiation of advanced cardiac
life support, the aortic occlusion balloon was inflated with-
out infusion . Vascular pressures immediately before and
after aortic occlusion were compared .
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StaloW an
sb Data are reported as mean value ±
SD. All pressures are in mm Hg
. Definitions of the cardio-
pulmonary resuscitation compression and relaxation phases
have been described elsewhere 10 .
The primary study
variable was the proportion of animals with return of spon-
taneous circulation
. Vascular pressures at each time point
were the mean of the five pressures from a representative
ventilation to ventilation cycle
. The coronary perfusion
pressure during cardiopulmonary resuscitation was calcu-
lated by subtracting the relaxation phase right atrial pressure
from the aortic pressure
. Baseline pressures were measured
just before administration of epinephrine
. The maximal
aortic, coronary perfusion and right atrial pressures were
defined as the highest pressures measured during resuscita-
tion and did not necessarily occur simultaneously . Maximal
coronary perfusion pressure is reported because it has been
found to be highly predictive of return of spontaneous
circulation in humans 8,10 .
Interval data were compared using two-sided, two-
sample t test without explicit correction for multiple testing .
Despite this, the analysis might have been overly conserva-
tive with respect to aortic and coronary perfusion pressures
because the results of pilot studies unpublished data had
shown that combined therapy always increased these pres-
sures, justifying the use of a one-sided test . The Fisher exact
test was used to compare proportions . Statistical signifi-
cance was prospectively set at p < 0.05 .
Results
Twenty dogs were studied, of which 17 met inclusion
criteria 7 in the group receiving combined therapy with
selective aortic perfusion and oxygenation combined with
advanced cardiac life support and 10 in the standard ad-
vanced cardiac life support group . Three dogs were ex-
cluded: one because of inability to advance the balloon
through the introducer, one because of abnormal blood gases
and one because the aortic pressure catheter had moved
through the aortic valve into the left ventricle during resus-
citation . Additional experiments were not performed to
replace these dogs because the difference in the primary
study variable, the proportion of dogs with return of spon-
taneous circulation, had achieved statistical significance at
the 0.01 level .
Hemodynamic and outcome data are presented in Table I
and Figure 2 . As expected from the duration of cardiac
arrest, no dog had return of spontaneous circulation with the
initial defibrillations. Vascular pressures were similar in the
two groups before initiation of the ultrapurified polymerized
bovine hemoglobin infusion. Aortic relaxation and maximal
coronary perfusion pressures were higher in the combined
therapy group after initiation of the infusion . Maximal right
atrial pressure during cardiopulmonary resuscitation was
also higher in the group that received combined therapy .
There was an immediate and large increase in coronary
perfusion pressure with the initiation of selective aortic
JACC Vol. 23, No . 2
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Table 1 . Baseline, Hemodynamic and Outcome Variables for
Each Study Group
Values presented are mean value ± SD or number . Combined therapy =
advanced cardiac life support plus selective aortic perfusion and oxygenation
.
Standard therapy = standard advanced cardiac life support
.
perfusion and oxygenation, and the maximal aortic and
coronary perfusion pressures tended to occur during the first
minute Fig. 3 . Coronary perfusion pressure tended to
decrease toward the end of selective aortic perfusion and
oxygenation as the right atrial pressure began to increase .
The difference, however, remained statistically significant
throughout the infusion, and the coronary perfusion pressure
did not become similar in the two groups until approximately
30 s after seltaive aortic perfusion and oxygenation was
stopped .
Six of seven dogs meeting inclusion criteria that received
combined therapy had return of spontaneous circulation
compared with only 2 of 10 dogs receiving standard ad-
vanced cardiac life support p = 0.01 . Dogs receiving only
standard therapy tended to develop refractory electrome-
chanical dissociation Table 1 . Some of these had small
aortic pressure waveforms consistent with "pseudoelLctro-
meLhanical dissociation" 27 .
Two dogs in the combined therapy group had return of
spontaneous circulation during stroma-free hemoglobin infu-
sion Fig. 3 . In the remaining dogs there was a brief interval
between the end of selective aortic perfusion and oxygen-
ation and return of spontaneous circulation, which tended to
occur at the time of peak effect for the epinephrine given at
the end of aortic perfusion 9 .
Of the six dogs with return of spontaneous circulation
after combined therapy, one died of refractory hypotension
approximately 30 min after resuscitation and one of a large
retroperitoneal hematoma, presumably caused by placement
of the balloon catheter . The other four dogs were in stable
condition at I h. Both dogs in the standard therapy group
with return of spontaneous circulation were alive at 1 h . No
animals had significant intrathoracic or intrabdominal inju-
Standard
Therapy
n = 10
Combined
Therapy
a = 7
p
Value
Baseline aortic pressure
mm Hg
14 t 10 15 ± 5 0 .9
Baseline coronary perfusion
pressure mm Hg
7 ± 10 121 ± 5 0.3
Maximal aortic pressure
mm Hg
42 t 23 69 ± 28 0.05
Maximal coronary perfusion
pressure mm Hg
33 ± 21 62 ± 26 0.03
Maximal right atrial pressure
mm Hg
10 ± 3 21 :t 12 0.01
Return of spontaneous
circulation
2 of 10 6 of 7 0 .01
Refractory electromechanical
dissociation
5 Of 10 1 if 7 0 .15
Alive at I h 2 of 10 4 of 7
0 .01
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Figure 2 . M an maximal coronary perfusion pressure CPP for
each dog anti each group . Open circles indicate dogs without return
of spontaneous circulation, solid circles those with return of spon-
taneous circulation . There are only six aortic pressures in the
selective aortic perfusion and oxygenation SAPO group because
aortic pressure was lost in one dog when the balloon was inflated .
ACLS = advanced cardiac life support .
ries . Specifically, there was no gross sign of injury to the
aortic lumen at the level of the selective aortic perfusion and
oxygenation balloon .
Six additional dogs underwent aortic occlusion without
infusion to delineate the effect of occlusion alone on perfu-
sion pressures Table 2 . Balloon occlusion alone increased
aortic and coronary perfusion pressures but probably not to
pressures sufficient to increase significantly the rate of return
of spontaneous circulation 8 .
Discussion
Perfusion pressures and return of spontaneous circulation .
In this canine model of prolonged cardiac arrest, aortic
balloon occlusion combined with oxygenated fluid infusion
dramatically increased the cardiopulmonary resuscitation
coronary perfusion pressure. resulting in an increased rate of
return of spontaneous circulation . The increase in perfusion
pressure with aortic perfusion appeared additive to that
PARANS ET AL .
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achieved by standard chest compression alone Fig. 3 .
Aortic occlusion alone increased coronary perfusion pees-
sure only 3 aim Hg, an amount that would not be clinically
significant in most patients 8 . This finding is consistent with
the work of Sanders et al . 22 , who found that aortic
occlusion alone did not affect aortic and coronary perfusion
pressures. The increase in perfusion pressure with aortic
perfusion appeared additive to that achieved by standard
chest compression alone . Selective aortic perfusion and
oxygenation may be a useful adjunct to other types of
external chest compression, such as vest, high impulse or
active compression/decompression cardiopulmonary resus-
citation 28-30 .
The significant improvement in the proportion of dogs
with return of spontaneous circulation after selective aortic
perfusion and oxygenation resulted only in a strong trend
toward survival at I h . This most likely reflected the small
sample size and limited postresuscitation therapy . One dog
died of a low retroperitoneal hematoma that may have
resulted from an arterial injury during surgical placement of
the balloon catheter. This would be an uncommon clinical
complication with the percutaneous guide wire technique
31 . The other animal that died prematurely after selective
aortic perfusion and oxygenation had hypotension refractory
to fluids and pressors . Whether this is intrinsic to a subset of
dogs resuscitated after such prolonged ischemia or is an
effect of reperfusion with ultrapurified polymeriz!d bovine
hemoglobin is not clear .
Cardiac arrest model . Animal studies of cardiac arrest
may give misleading results if the model used does not
accurately mimic the time course of therapy as it is clinically
applied after sudden death . Recent multicentcr trials have
found that a large fraction of patients do not receive by-
stander cardiopulmonary resuscitation and that the time to
advanced cardiac life support is often > 15 min 2,_ 2 . The
protocol was designed to mimic a "typical" prehospital
cardiac arrest without bystander cardiopulmonary resuscita-
tion and incorporated changes to the standard model sug-
gested at the first Chicago Conference on Cardiac Arrest
Research Methodology 33 . Previous studies have shown
that 2 min is sufficient time to percutaneously place aortic
arch catheters during cardiopulmonary resuscitation in hu-
mans 8 .
Because the study was intended to evaluate the potential
efficacy of selective aortic perfusion and oxygenation, not its
clinical feasibility, we prospectively chose to keep inclusion
criteria narrow . This was necessary because the selective
aortic perfusion and oxygenation catheter was not available
with a "prewrapped" balloon or custom introducer kit .
Inclusion of dogs that were "technique failures" might have
prevented evaluation of the underlying concept, resulting in
a type II error or a greatly increased sample size 34 . Dogs
with extremely abnormal blood gas levels were excluded
because previous studies 35 have suggested that an abnor-
mal acid-base status can have a deleterious effect on hemo-
dynamic variables during cardiopulmonary resuscitation .
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The dose of ultrapurified polymerized bovine hemoglobin
that can be administered is limited by the deleterious effects
of volume infusions on the right atrial and coronary perfu-
sion pressures 24 . The volume used in the present study
was chosen empirically on the basis of estimates of the
maximal amount that would not result in volume overload
during or after resuscitation . The right atrial pressures did
increase in the combined therapy group . However, this
increase was always less than the contemporaneous increase
in aortic pressure, and the coronary perfusion pressure was
increased. Infusions lasting longer than a few minutes may
increase the right atrial pressure to such a degree that the
coronary perfusion pressure may begin to decrease 21 .
Selective aortic perfusion may decrease flow from the
venous to the arterial circulation during the infusion, espe-
cially if it closes the aortic valve . Because epinephrine was
administered intravenously, arterial epinephrine levels may
have been lower in dogs receiving selective aortic perfusion
and oxygenation because of metabolism during a prolonged
Table 2. Aortic and Coronary Perfusion Pressures During
Compression and 2elaxation Phases of Cardiopulmonary
Resuscitation Before and After Balloon Occlusion Without
Fluid Infusion
Values presented are mean value ± SD .
JACf Vol
. 23, No. 2
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Figure 3. Aortic pressure during ven-
tricular fibrillation VF , cardiopulmo-
nary resuscitation CPR , cardiopul-
monary resuscitation and selective
aortic perfusion and oxygenation
SAPO and return of spontaneous cir-
culation ROSC during a single exper-
iment. Arrowheads mark defibrillation
anempts,
venous phase, possibly biasing the study against aortic
perfusion. Variations in the arterial pharmacodynamics of
epinephrine may have also caused the scatter in coronary
perfusion pressures that was observed in both groups . Se-
lective aortic perfusion and oxygenation may be more effec-
tive when it is combined with intraaortic administration of
epinephrine . Delivery of the drug directly to its site of action
36 may allow the dosage to be lowered, and the deleterious
effects of the passage of epinephrine through the pulmonary
circulation may be prevented 37 .
It was not possible for chest compression to be performed
in a blinded manner with regard to standard versus combi-
nation therapy groups. For this reason, we used real-time
esophageal manometry to standardize the increase :n in-
trathoracic pressure . Additionally, the person providing
chest compression attempted to standardize the compres-
sion/relaxation ratio and the shape of the compression wave-
form .
Clinical implications . To be clinically useful, a resuscita-
tion technique must be simple to apply . Therapies such as
cardiopulmonary bypass 15 and open chest cardiac mas-
sage 38 increase vital organ blood flow, but complexity
limits their clinical application. In the current study, the
aortic perfusion catheter was placed fluoroscopically during
cardiac arrest to minimize the blood loss and ensure correct
position. Surgical placement would not be necessary during
clinical use because catheters with considerably larger diam-
eters have been placed percutaneously, even during cardiac
arrest 39-41 . Previous studies have shown that a catheter
can be placed in the aortic arch percutaneously through the
femoral artery by one person in <2 min with a high degree of
success 8,42 . Percutaneous placement is simplified during
Before occlusion 61 ± 13 33 ± 10 22 ± 10
After occlusion 66 ± 13 37 ± 10 25 ± 9
p value 0 .02 0.01 0.01
Coronary
Aortic Pressure mm 11g
Perfusion
Pressure
Compression Relaxation mm Hg
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cardiac arrest by the pronounced desaturation of -cmous
blood with resultant differences in appearance 43 . h may
be possible to use this system quickly in any critical care
environment, even in the prehospital setting . It has already
been shown that aortic balloon catheters that have been
"prewrapped" can be percutaneously placed under emer-
gency conditions 41,44,45 .
There is evidence that brain injury after cardiac arrest
results from pathologic cerebral vasospasm after resuscita-
tion the "no-rellow" phenomenon 46 . The rheologic
characteristics of ultrapurified polymerized bovine hemoglo-
bin, primarily resulting from the small size of the molecule
compared with an intact red blood cell, may be advanta-
geous in achieving oxygenation of tissues distal to vasospas-
tic obstruction. Addition of neuronal salvaging drugs to the
infused oxygen-carrying fluid may improve the ability of
these agents to prevent reperfusion injury 47 . With stan-
dard therapies these drugs must he administered after reper-
fusion .
We found the presence of the balloon during the post-
resuscitation phase to be useful in some dogs. Prolonged
global ischemia results in postresuscitation myocardial dys-
function 48 . In extreme cases this can result in severe
hypotension refractory to pressors . In some dogs we found
that by partially raising the balloon during the first few
minutes of spontaneous circulation, the central aortic blood
pressure improved, allowing us to wean the dog to standard
pressor support .
This study indicates the potential efficacy of selective
aortic perfusion and oxygenation but does not directly
address the feasibility of using this therapy clinically . Stud-
ies using custom percutaneous insertion systems and broad
inclusion criteria will need to be performed . We do not know
whether the current formulation or dosage of r1trapurified
polymerized bovine hemoglobin is optimal during resuscita-
tion. Survival studies are necessary to determine whether
reperfusion with ultrapurified polymerized bovine hemoglo-
bin results in organ injury greater than that seen with
standard advanced cardiac life support . The possibility that
reperfusion with these agents may exacerbate neurologic
injury by increasing the available free iron needs investiga-
tion 49 .
Comparison- of postresuscitation variables was not useful
because so few dogs in the control group had return of
spontaneous circulati, n. Postresuscitation care was limited
to normalization of the arterial blood gas and maintenance of
blood pressure with pressors and volume . Aggressive
"brain-oriented" critical care might have prevented some of
the early mortality in the combined therapy group 47,50,5 1 .
Some reports by Russian investigators 51 indicate that
simple infusion of blood into the arterial side of the circula-
tion improves outcome from cardiac arrest . Although the use
of human blood in an emergency setting is not feasible, it
could be asked whether restricting ultrapurified polymerized
bovine hemoglobin to the proximal aorta improves the
efficacy of this therapy
. In pilot studies in which the balloon
PARADtS FT AL
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was raised after the start of infusion, there was a marked
increase in coronary perfusion pressure at the moment of
occlusion. Previous work by Sanders et al . found that aortic
infusion of blood without occlusion was ineffective 21 , as
was aortic occlusion alone 22 . Others have found that
aortic occlusion combined with crystalloid perfusion does
not improve the outcome of patients in refractory cardiac
arrest. Manning et al . 52 studied aortic occlusion combined
with infusion of an oxygenated perfluorocarbon <20% mis-
cible in blood . The minimal improvement in oxygen content
with this perfusate essentially limited their study to aortic
occlusion combined with colloid infusion . Animals receiv -.ng
this therapy had outcomes that were essentially no better
than the outcomes of those receiving aortic epinephrine
without occlusion or infusion . Thus, both occlusion and
oxygen-carrying infusion appear necessary to improve out-
collie .
Study limitations. Increased rates of return of spontane-
ous circulation in animal models indicate only the potential
of a therapy to improve the outcome of patients with cardiac
arrest. Many treatments have appeared promising during
laboratory studies, but the prognosis of patients with cardiac
arrest has not improved significantly since the promulgation
of external chest compression 53 . The present stud- , does
not address long-term neurologic outcome . However, it is
indicative of the potential of selective aortic perfusion and
oxygenation that it was able to consistently resuscitate dogs
after 20 min of normothermic arrest . This has not been
achieved by less invasive techniques . The present study also
does not demonstrate when in the sequence of therapies,
selective aortic perfusion and oxygenation should be consid-
ered in the treatment of cardiac arrest. Clearly, less invasive
techniques should be applied first .
Conclusions. In a canine model of prolonged cardiac
arrest, aortic balloon occlusion combineo with oxygenated
fluid infusion temporarily improves coronary perfusion pres-
sure, resulting in an increased rate of return of spontaneous
circulation . This technique may be an effective adjunct to
advanced cardiac life support and improve the poor progno-
sis of patients with cardiac arrest .
We thank Myron Weisfeldt, MD for valuable review of f ,rte
manuscript
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